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ABSTRACT

The reported research examines the bond strength between overlays placed over bridge
decks which are sealed with epoxy resin or high molecular weight methacrylate (HMWM) sealers.
The study involved field and laboratory experimental testing of cores under direct shear, SHRP
interfacial specimens, beams, and a 1/3-scale bridge subassembly of a typical stee! stringer bridge.
Micro-silica modified concrete, latex modified concrete, and superplasticized dense concrete
overlays were used in this study. The experimental data were complemented with finite element
studies. Despite often stark variations in the values of bond strength obtained from different testing
methods, the data universally suggest that the use of a sealer at the interface can reduce the
available bond strength. The level of the strength reduction depends on the type of sealer, but the
bond strength can drop by as much as 50%. Extra surface preparation techniques, such as light
sandblasting of the surface after applying the sealer or broadcasting sand over the sealed interface
while the sealer is curing, are effective in restoring the bond strength. Sandblasting the HMWM
sealed surface, or broadcasting sand (at approximately 100 kg/m? (20 Ib/it?)) increases the strengths
to 80% and 85%, respectively of the unsealed surfaces. Fatigue testing and loading well beyond
service level loads do not adversely impact the bond strength so long as the sealed surface is
treated before the application of the overlay. Test results indicate that bond strength at the overlay-
deck interface is not critical when the deck is subjected to negative moments (i.e., those producing
tension in the overlay); hence, the deck over piers can be sealed with or without a secondary
treatment of the sealed surface. Although the application of sealers lower the available bond
strength, finite element analyses of representative bridges show that the maximum computed shear

stress is smaller than the lowest strength. Therefore, bridge decks may be sealed if either of the

recommended secondary surface preparation techniques is followed to prepare the sealed deck

before the application of overlays.
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CHAPTER 1

INTRODUCTION

A major problem for federal and state transportation departments across the country is
the deteriorating condition of the highways and bridges. Reinforced concrete is used in
construction of most bridges or at least a component of them. Because of the inability of
concrete to resist tension, cracking occurs in bridge decks. This cracking may not be directly
responsible for deterioration, but it assists other processes in creating deterioration. Cracks are
formed by loads, and temperature and shrinkage effects. Cracks can also form from abrasion
and everyday abuse of the wearing surface.

One way to slow down the deterioration process is to provide a protective system by the
use of concrete overlays. This preventive procedure is known as an overlay because it is a
layer of concrete (aggregate and binder) placed over the existing hardened portland cement
concrete. The overlay creates a barrier against abrasion, wéter, and chemicals.

In practice, three different types of overlays are used, refer to Figure 1.1. ACI committee

345 (concrete highway bridge deck construction) recognizes the overlays as:

. Type | — Thin overlay (Polymer modified epoxy overlays)
. Type Il — Concrete based overlap (Portland cement overlay)
. Type Il — Combined system overlap (Asphaltic concrete over membrane)

Each of these systems attempt to create a “waterproof barrier” over the existing bridge deck,
but they also must create an acceptable wearing surface and provide adequate skid resistance
over the design life. Overlays only provide durability and are not considered to add strength to
the structure. Therefore, if the overlay is removed, the clear cover and section modulus of the
original deck would not be reduced. Through proper design and placement of bridge deck
overlay systems, the service life of bridge decks can be extended which indirectly keeps the

bridge open for traffic, helps prevent damage to other structural elements, and saves money.



The objective of the reported research project is to explore the possibilities of combining
type | and type |l overlay systems together. In the past, epoxies have been used to enhance
the bond of Portland cement (PC) overlays to existing concrete (or act as a glue). However,
previous studies have not examined the issues related to combining sealers and PC based
concrete as a protective system and repair alternative.

1'.1 Causes of Concrete Deterioration

When Portland cement is combined with water, two main products are formed, calcium -
silicate - hydrate (cement paste) and calcium - hydroxide. Water dissolves the calcium -
hydroxide and leaches it out of the concrete leaving voids, which lowers strength, and more
importantly increases the permeability. When water is collected and trapped in these voids, it
can freeze and expand in excess of 9% of its original volume (Metha and Montiero, 1993). The
resulting hydraulic pressure creates cracks in the calcium - silicate - hydrate matrix. After
countless freeze-thaw cycles, spalling and cracking will eventually be visible on the deck
surface. A similar phenomenon can also occur in the aggregates. The resulting cracks can
reflect to the surface creating a situation called D-cracking.

Chemical degradation is another major cause for deck deterioration. The expansion of
steel due to corrosion will delaminate the concrete cover. Note that in order for corrosion to
occur, air and water must be present at the surface of the reinforcement (a crack must be
present allowing contact with air and water).

The relatively high level of pH in concrete creates a protective coating around steel
reinforcing bars. When chlorides (CI" ) from deicing salt penetrate into the concrete, the pH is
lowered below 11.5 which leaves rebar susceptible to corrosion.

1.2  Concrete Overlays

As mentioned previously, three different types of overlays are recognized by ACI

committee 345 (Concrete Highway Bridge Construction):

. Type | — Thin overlay



. Type Il — Concrete based overlay

. Type lll — Combined system Overlay
Type | and Il overlay systems will be the subject of the reported research. Type [ll overlays are
rubberized membranes bonded to the deck with tar which is covered with an asphaltic concrete
riding surface. This overlay system is a very economical approach for stopping chemical and
water infiltration on new decks, but it must be used in rural areas with low traffic volumes. Type
I and Il overlays have been successfully used to stop deterioration of existing bridge decks. The
strengths and weaknesses of these methods are identified below.

Type | overlays are usually referred to as Polymer Modified Concrete overlays (PMC).
These overlays are composed of multi-component polymer resins (epoxies) that are flooded
onto a concrete bridge deck . The thickness is usually between 10 to 20 mm. in thickness (/2 to
%, inch). After application of the resin, the surface is sprayed with aggregate for traction, and
control of volume changes due to temperature and shrinkage effects. When curing is completed
(usually after a 24 hour period), the system provides a complete vapor barrier against infiltration
of water and chlorides. Because of the low viscosity of the system, the shrinkage and flexural
cracks in the existing bridge deck are also filled during the application. Several problems are
associated with the use of PMC overlays. Strict guidelines (ACI 503) for mixing and application
are a necessity for proper performance. The existing deck must be cleaned of all dirt, and the
contaminated and unsound concrete must be removed prior to application (surface preparation
for overlays is an important issue and will be discussed later). Because PMC systems are very
sensitive to water during application and curing, the deck must be totally dry at the surface
before placement. Additional problems may occur after application of PMC. Because the PMC
overlay creates a vapor barrier, any water in the existing concrete will be trapped. Freeze -
thaw cycles can debond the overlay. Furthermore, differences in thermal coefficient of PMC
and concrete (thermal coefficients of PMC systems range from 17 E® to 50 E® infin/deg °F

compared to approximately 7 in/in/°F (ACI 503)) create large stresses at the interface. Abrasion



due to high volumes of traffic is also a concern for PMC overlays.

California was one of the first states to successfully use PMC as a bridge deck overlay in
1957 on the San Francisco-Oakland Bay Bridge (ACI 503). This type of overlay is an excellent
option in climates with minimum freeze-thaw cycles, and no extreme temperature changes.
PMC overlays do not increase the dead load of the structure, nor require changes in thickness,
joints, and surface drainage requirements.

Research conducted in the mid 1980's has shown how polymer resins (2-part epoxy and
methyl methacrylate) are very successful at stopping the intrusion of chlorides (tests were
conducted by soaking cubes in a 15% NaCl Solution). Tests show that PC concrete with 0.4
w/c ratio sealed with epoxy and methyl methacrylate can reduce chloride penetration 92 percent
better than PC concrete without treatment (Pfiefer, Perenchio, and Marusin, 1985). If this could
be achieved over actual bridge decks, deterioration due to water and chloride intrusion would
significantly decrease or even stop.

Type Il overlays are a layer of high-performance portland cement concrete 32 to 76 mm.
thick (1% to 3 inches) placed over the existing concrete deck. These are the most common
overlays used today. Three different types of high-performance PC based concretes are used
for overlays: latex modified concrete, super dense plasticized concrete, and micro-silica
modified Concrete. All of these types of concrete are designed for very low permeability,
resistance to abrasion, ease of placement, and bond to an existing surface. The modulus of
elasticity, and thermal coefficients of Portland cement (PC) overlays are very similar to normal
concrete. The moisture level in the existing deck is not an issue. The cost of installation is
small compared to that of Polymer modified concrete (PMC) overlays. In 1985 Weiss Janey
and Ellstner conducted a survey to compare costs between different types of specialty polymer
concretes and PC concretes (Pfeifer and Perenchio, 1985). The results are summarized in
Table 1.1. Although the prices are outdated, the differences in cost are apparent.

Latex Modified Concrete (LMC) has been used since the 1940's as repair material for



concrete bridge decks. The latex mixture that is added to the mix clogs voids in the cement
paste and transition zones created from evaporating water (low permeability), and also makes
the concrete more workable. Unfortunately LMC, overlays can have many problems due to the
latex admixture. The amount of latex that is added to the concrete is very important to the
permeability and strength, excess latex will increase permeability and even prohibit the
concrete from setting. LMC also can exhibit plastic shrinkage greater than unmodified concrete
if the surface is improperly cured. The surface must be covered to keep water from
evaporating. Due to the extremely low w/c ratio, if surface water evaporates, the cement paste
cannot properly hydrate and exhibit enough tensile strength resulting in cracking (ACI 548).
Placement of LMC is very labor intensive. An on-site mixer must be used because of the rapid
set time, and a bonding grout must be brushed on the deck prior to placement. When the cost of
latex admixture is included, LMC overlays become an expensive process.

Due to the progress of water reducing admixtures for PC concrete, Superplasticized
Dense Concrete became a popular alternative for overlays. SDC overlays provide a very low
permeability, high strength (a very high PC content) and great workability for a price much
cheaper than LMC. The concrete could be hauled in mobile mixer truck to the bridge making it
a more desirable repair option.

In 1984 the Ohio Department Of Transportation began using Micro-Silica modified
Concrete for bridge deck overlays (Luther, 1993). Silica fume is a fine material (1/100 the
diameter of a cement particle) that is combined with portland cement to create a better
gradation in the concrete mix. Silica fume also is a pozzolan which reacts with CaOH, a product
of the reaction between PC and water, forming more calcium-silicate-hydrate (C-S-H). The
additional C-S-H does not significantly increase strength, but it does decrease the possibility for

voids in the concrete (due to leaching of CaOH dissolved by water) and lower permeability.

MSC overlays are now the most common type in Ohio, low permeability and excellent bond

strength are the two major reasons for this choice.



The bond strengths for each type of concrete overlay are close to being identical. MSC
tends to have a slightly higher strength than LMC and SDC. The major differences found in
bond strength are usually attributed to surface preparation. Of the three types of overlays
recognized by ACI 345, success of PC overlays depend the most on the preparation of the
existing deck. If the surface concrete on a bridge deck is deteriorated or contains dirt, no PC
overlay will be effective because of debonding between the layers. Further discussion of
surface preparation will be addressed in the next section. Another problem with PC overlays is
shrinkage. Even with proper curing, shrinkage cracks will form which in turn decrease the
effectiveness of the overlay.

Weaknesses of PC overlays do not compare with the advantages of using high
performance PC concretes for bridge deck repair, abrasion resistance, low permeability, and
adhesion to existing concrete. As a result, PC overlays are the main repair choice across the
country.

Companies producing concrete products such as epoxy resins and sealers are creating
new and better repair systems every year. New penetrating sealers which are “cousins” of PMC
overlay systems have been introduced for crack sealing. Because of their low viscosity (10 cps,
much less than water), they are able to penetrate into the small shrinkage and flexural cracks
sealing off pathways for water and chloride intrusion. Methyl methacrylate sealers have been
found to penetrate small cracks as deep as 38 mm. (12 in.) (Florida DOT, 1996). Because PC
overlays develop shrinkage and flexural cracks, water and chlorides can still find paths to the
existing bridge deck and continue the deterioration process. Any procedure or procedures
which successfully stop the intrusion of water and chlorides into concrete are favorable options
for repair and control of concrete deterioration. It may be advantageous to seal existing voids,
flexural and shrinkage cracks in the bridge deck, then place a PC overlay such as MSC on top
_of the sealer. If water and chlorides traveled through cracks in the overlay, the sealer would not

allow penetration into the deck and reinforcing steel; thus eliminating corrosion. The MSC also



would provide a desirable surface for skid and abrasion resistance. Unfortunately, the effect of
sealers on interface bond is not known. A limited number of research involving laboratory and
field testing have been conducted to understand the best surface preparation procedures for
ultimate bond strength between plastic and hardened concrete, but no studies relate to the
amount of bond strength necessary for an overlay to work, or show what tests represent the
actual field conditions best. Because the use of sealers at the concrete interface may reduce
the bond strength, it may not be feasible to use sealers with concrete overlays. Advantages
offered by placing concrete over a sealed surface may still compensate for the smaller bond
strength, particularly if sealers result in only a slight reduction of bond strength. Theretore, it is
important to create an experimental program which studies the influence of testing methods for
establishing bond strength, to evaluate the influence of sealers on bond strength, and to
examine the required bond strength in actual bridges.

1.3  Interface Bond Tests for Concrete to Concrete

In the past, various tests have been created to represent the bond at the interface of old
concrete to new concrete. Most of these tests were created to determine methods of creating
the highest bond strength. Unfortunately, the tests were not chosen to best represent behavior
of the actual structure in the field.

In order for an overlay to work, the overlay and deck must act as a composite system.
Mechanical bond and electrical forces are two main mechanisms which create bond between
surfaces. Mechanical bond is created by friction and interlock between uneven surfaces and
aggregates, electrical attraction is created by Van Der Waals forces as shown in Figure 1.2.

These bond mechanisms must be constant in lab tests to get an accurate representation with

~ acceptable variances in results.

(a) Hindo (1990)
One of the only studies that compared the practicality of test methods to actual site

conditions was conducted by Hindo. Three different bond tests were considered for measuring



the quality of bond obtained from different surface preparation procedures. These tests were
the split shear, direct shear, and direct tension tests. Because of the ability to use the direct
tension test in the field, specimens do not need to be removed from the bridge. The direct
tension test also gives a better idea of the location and nature of failure. Failure will occur over
the weakest plane. If the bond strength is greater than the concrete strength, failure will be a
tensile concrete failure rather than separation at the interface.

The actual purpose of the research was comparison of the surface preparation
procedures. Preparation of the existing surface by mechanical means was completed by
conventional mechanical chipping (scarify or jackhammer) or hydrodemolition. Hydrodemolition
is a new procedure for removing damaged surface concrete by blasting it with water jets from 82
to 240 MPa (12,000 to 35,000 psi). Immediately prior to overlay placement, epoxy or cement
slurry was painted on the surface as bonding agents.

Results showed that the use of bonding agents made very little impact on bond strength
but the use of hydrodemolition for concrete removal provided much greater bond strength than
mechanical chipping. Mechanical chipping was found to leave micro-cracks or “bruises” in the
existing concrete at the interface. The use of hydrodemolition reduced the amount of micro-
cracks and increased bond strength from a mean of 940 kPa to 1.4 MPa (136 psi to 203 psi), a
33% increase. In all cases the average bond strengths were above the ACI minimum of 100 bsi
(ACI committee 503).

(b) Saucier, Bastien, Pigeon and Fafard (1991)

The study separated bond tests into four different categories, i.e. direct tension, direct
shear, indirect tension, and shear-compression. Each test was judged by space efficiency of

~ the bond line, specimen construction, and mechanics of failure.

Finite element studies indicated that tests using a direct shear approach would be most
practical. The direct shear or guillotine test caused some problems. The point of contact of the

guillotine created stress concentrations which led to premature failures. In order to eliminate



these problems, compression was applied simultaneously as the shear force was being
increased. Results indicated that the higher the compressive stress, the results varied less
(variation as low as 3%).

The authors proposed this test method as a new ASTM method for finding bond strength
between new and old concrete. Nevertheless, several problems can be identified for this test.
A special test apparatus would be required to complete the test.  Also, the size of the
specimens would have to be very small and aggregate sizes would be limited. Performance of
different surface preparation techniques cannot be compared with this testing method.

(c) O’Connor and Saiidi (1993)

This research led to the development of the California Test 551, i.e. a specimen tested in
flexure made from a beam with a vertical interface in the middle. The test was developed for
evaluating the performance of PMC overlays in cyclic behavior and under effects of high
temperatures (up to 200 degrees °F). The specimens were constructed by creating
75x75x400mm. (3x3x16") beams and cutting them in half after curing. New concrete is placed
against the old concrete and allowed to cure. The specimens were loaded as beams. The
failure stress was simply the modulus of rupture.

(d) Keeran (1994)

An in house testing program conducted by ODOT used the direct shear or guillotine test
to compare the performance of different types of PC overlays with different types of surface
preparation. The testing was performed because of questions about ODOT’s specification for
PC overlays. The specification requires that the surface must be dry and a PC based grout be

brushed onto the surface before placement of an overlay. Six 2.1x4.3m, (7x14') test slabs were

~ made from normal ODOT class “S” concrete and allowed to properly cure before applying an

overlay. Three slabs received overlays of MSC and SDC concrete each. Each of the three
slabs received different surface conditions; wet, surface dry, and dry. Each slab was divided

into three sections to receive different surface preparation through the use of bonding grouts;



equal parts cement and sand, no grout, and brushing the mix onto the surface as a bonding
grout. After curing, 100 mm. (4") cores were taken from each of the slabs and tested in direct
shear. Bond strength values were found by dividing the load by the bonded area of the core.
The test procedure worked very well with some variance in results. The research indicates that
the existing deck does not have to be surface dry before placing an overlay, and the same mix
as the overlay may be brushed onto the surface as a bonding grout to increase bond strength.

(e) Strategic Highway Research Program Product No. 2025

This report (SHRP-C-361, 1993) proposes a new test method for bonding new concrete
to old concrete. The test provides interfacial bond strength and the corresponding deformation.
The specimen is shaped as 2 L segments on top of each other (Figure 1.3). Due to the large
size of the specimen, uniform shear stress should be achieved over the interface without stress
concentrations. One specimen must be cast and allowed to cure. The surface is then
prepared, and the same L specimen is cast on top. After proper curing, two displacement
transducers are mounted vertically across the interface and the specimen is ready to test.
Bond stress is found by dividing the maximum load by the bonded area of concrete (232 cm?or
36 in” for the proposed test).

This test requires special equipment in the form of displacement transducers, a data
acquisition system, and a testing machine capable of loading at a constant rate (proposed 6.7
MN/min or 1500 Ib/min). Because of the large area of bonded region, surface flaws may have
less effect on the final strength of the test leading to results with low variance.

1.4  Objectives

As noted in the preceding paragraphs, no previous study has examined the influence of
sealers on bond strength of an overlay to an existing bridge deck. Considering the need for
experimental results and the limitation of available information, an experimental test program
reported herein was undertaken. The specific objectives of this research are (1) to establish

expected bond strength of overlays to sealed bridge decks using epoxy resin and high
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molecular weight methacrylate sealers, and (2) to evaluate the influence of different testing
methods for establishing bond strength.
1.5 Scope

in an effort to achieve the above-mentioned objectives, an experimental program was
conducted. The tests were separated into two main categories, (1) field tests, and (2) laboratory
tests.

Field testing consisted of evaluation of 12 total overlaid bridge decks in Ohio Department
of Transportation (ODOT) districts 8 and 12 (Southwestern Ohio, and Cleveland respectively).
Of the 12 total bridges, four had overlays with latex modified concrete, four with super dense
plasticized concrete, and four with micro-silica modified concrete. None of the bridges tested
had been sealed prior to having an overlgy placed on them. The bridges were all tested using
the direct shear and direct tension (pull-out) test methods. By conducting the field tests, an idea
of the magnitude of the actual bond stress of different overlays can be found along with the
influence of each test method on bond strength.

Laboratory testing consisted of fabricating test specimens for three different test
methods, (1) direct shear, (2) SHRP, (3) a beam with an overlay in flexure, and (4) flexural
testing of a bridge subassembly subjected to fatigue and static loading. Specimens constructed
for each test method varied with the type of sealer applied along with surface preparation at the
interface prior to overlay placement. By combining the test results, a database can be formed
showing the effect of a sealed surface, the effect of different brands and types of sealers, the
influence of surface preparation, and the influence of test methods on bond strength.

In Chapter 2 the four test methods are described in detail.

In Chapter 3, the experimental data are presented. The performance of the 12 bridges
tested is reported. Laboratory results of the influence of sealers and surface preparation is also
evaluated. Chapter 3 also attempts to compare the bond strength results for each test and

identify a test procedure which best represents bond strength.
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In Chapter 4, flexural beam tests are presented. The measured data from each of the
tests are utilized to explain the expected mode of failure for overlaid decks with sealers and no
sealers.

To further examine the results obtained from the laboratory and field tests, a 1/3-scale
model of a typical bridge with three girders and concrete deck was constructed and tested. The
deck was prepared, and overlaid based on optimum methods developed in Chapters 3 and 4.
The test specimens, testing methods, measured data, and relevant observations are
summarized in Chapter 5.

The research is summarized in Chapter 6. Based on the experimental information

presented in this report, appropriate conclusions and recommendations are made.
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Table 1.1 Concrete Overlay Material Costs

Concrete Type Cost /ft’
Latex Modified PC concrete $1.55 ' (extra cost not included for full depth repairs)
Super Dense Plasticized PC Concrete $0.25 "' (extra cost not included for full depth repairs)
Methyl Methacrylate PMC $1.50°
*Note:
1. Assuming 1%2" overlay thickness
2. Assuming %2” overlay thickness
13
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Figure 1.4 Photograph of SHRP Specimen During Testing
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CHAPTER 2

DESCRIPTION OF TEST METHOD

In order to represent the bond between the interface of existing concrete to new
concrete, different methods of testing were selected based on comprehensive review of
literature along with the practicality of fabricating and testing the specimens. Four different
types of tests were selected for this investigation:

. Direct Shear (Guillotine)

Direct Tension (Pull-Out)

. SHRP Bond Test

. Flexural Beam Test
The first two tests were designed for use in the field and laboratory. The last two, SHRP and
flexural beam tests are strictly laboratory tests and require more extensive instrumentation.
2.1 Direct Shear Test

The direct shear or guillotine test is a very practical test and can be performed on
cylinders made in the laboratory, or cores removed from bridges. The test apparatus consists of
a base which holds a core or cylinder, and a sliding head (Figure 2.1). The test specimens must
be inserted so the load is applied at the overlay-base concrete interface. The bond stress is the
maximum applied load divided by the bonded area which is the area of the core. This test relies
upon both bond mechanisms, aggregate interlock, and the Van Der Waals forces for the bond
strength. The test requires that the specimen be positioned properly; otherwise the bond
strength will be artificially increased as part of the load is resisted by the monolithic concrete.
Precise positioning can be very difficult with cores from actual bridge decks where there is no
unique interface as evident from Figure 2.2.
2.2  Direct Tension Test

Another test which is applicable to both the field and laboratory is the direct tension or
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pull-out test. The test is completed by coring below the interface line into the existing concrete,
attaching a plate to the surface, and pulling the core out (Figure 2.3). The bond stress is the
maximum load divided by the bonded area, i.e. area of the core. Unlike the direct shear test,
pull-out tests can be conducted on site and give immediate results on the quality of bond. The
failure in pull-out tests can occur at the interface, base, or overlay depending on the relative
tensile strength of the base or overlay concrete versus the bond strength. Difect tension test is
also useful to examine the influence of variables such as surface preparation, bonding agents,
overlay type, etc. The attachment of the plate to the surface is typically achieved by epoxy
adhesives. Hence, the bond strength of the adhesive must be larger than the expected bond
strength.
2.3 SHRP Bond Test

Recently, a new test method for interfacial bond strength has been developed by the
Strategic Highway Research Program (SHRP-C-361,1993). .The test specimens involve two L
shaped pieces of concrete bonded together as represented in Figure 2.4. The first segment
receives a proper cure along with surface preparation prior to placing the overlay which is also a
L shaped segment. The two segments must be cast such that the interface is within the plane
of applied load. Similar to the direct shear/guillotine test, the bond interface is once again
subjected to pure shear. In contrast to direct shear test, the interface is expected to be
subjected to a more uniform shear force. Furthermore, the larger bonded surface would reduce
the effects of local flaws. The variation of the measured bond strength is anticipated to be less
as pronounced. Aggregates do not protrude at the interface and do not affect results.

The testing involves measurement of the applied load and slip at the interface. The
primary use of the measured load-slip relationship is to ensure that the specimen is loaded

without eccentricity. The maximum bond strength is obtained by dividing the ultimate load by

the bonded area.
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24 FLEXURAL BEAM TEST

The bond stress between bridge decks and concrete overlays may be best simulated by
a flexural beam test. The specimen consists of a reinforced concrete beam with an overlay
which is intended to represent a slab strip on a bridge. The beam is loaded until failure. Note
that the beam has to be proportioned adequately to prevent beam failure, i.e. flexural or shear
failure, and to ensure bond failure.

The calculated in-plane shear stress at the interface represents the bond strength. Due

to material non-linearity of concrete, the fundamental equation T=VQ/It cannot be used. In lieu

of detailed analysis, fundamental principles can be used to calculate the shear stress. The

basic procedure is identical to the derivation of T=VQ/It. However, appropriate modifications are

necessary to account for cracking and the nonlinear behavior of concrete. The method

implemented herein is described in the following.

1. Fiber analysis techniques are used to establish the cross-sectional response of the
overlaid beam. Proper steel and concrete constitutive relationships are used to ensure
reliable results. For a range of concrete compressive strain at the extreme fiber, the
values of the neutral axis and bending moment are generated.

2. The test beam is divided into a number of nodes of the length dx.

3. For a given distribution of bending moment along the beam, the depth of the neutral axis
and concrete strain at each node are obtained.

4. Knowing the material properties of the overlay concrete as well as the strain, the stress
distribution over the overlay thickness is obtained.

5. By integrating the material stress distribution curve at each node, the in-plane
compressive force can be calculated. The difference between the forces in two adjacent
nodes is the in-plane shear. Dividing the calculated shear force by the bonded area

between nodes results in the in-plane shear stress.
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6. The load at which the overlay is debonded is used to calculate the maximum shear
stress, i.e. bond strength.
Figure 2.5 provides a graphical representation of the process for calculating in-plane shear

stress.
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A. Beam section with applied load.
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The equation t = VQ/It can be used to calculate the shear stress.

Figure 2.5 Calculation of In-Plane Shear Stress at the Overlay Interface
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B. Concrete is nonlinear. The strain profile remains the same as that for linear, elastic
materials; however, the stress profile changes.

Strain Profile Stress Profile
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C. Using fiber analysis, behavior of the section can be investigated under a range of
applied moments.
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D. Distribution of compressive stress in overlay between two nodes.
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CHAPTER 3

Testing Program and Results

In this chapter, testing will be separated into two different sections, (1) field testing and
(2) laboratory testing. Information of testing equipment and the variables of each test are
discussed along with illustration and interpretation of results. The properties of materials used,
calibration of instruments, and the selection and placement of instrumentation are also included.
3.1 Field Testing Program

Twelve bridges were selected for field tests. The bridges were located in Ohio
Department of Transportation districts 8 and 12 (Southwestern Ohio and Cleveland area,
respectively). In each district, two bridges had latex modified concrete overlays (LMC), two had
superplasticized dense concrete (SDC), and two with micro-silica modified concrete (MSC). An
ODOT core truck was provided in order to drill the proper 100 mm. (4 in.) cores for direct shear
and direct tension testing. Cores for the direct shear test were taken from both the driving lane
and the median of the bridge. The location of the coring is important because the concentration
of chloride due to deicing salt is more significant in the median than in the driving lanes. The
level of bond strength between overlays and existing slab is likely to be impacted by high
concentrations of chlorides. Figures 3.1 and 3.2 show the examples of core locations for two
bridges. Core locations for the other ten test bridges are presented in Appendx D. Table 3.1
lists the bridges tested along with the number of tests conducted.

All of the bridges in the study were multiple span concrete slab over steel stringers. In
most cases the deck was around 200 mm. (8 in.) in thickness. Ages of the overlays varied from
8 years and older. All the bridge decks had been scarified before receiving an overlay.

3.1.1 Direct Shear Test
A total of 45 cores were taken from the test bridges. Because a pachometer or other

means to locate reinforcing bars was not present, some of the core samples contained bars
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near the interface and had to be excluded. Each core was measured to obtain thickness of the
overlay, thickness of portion of slab within the core, and the diameter. The profile of the overlay
was also traced around the outside edge of the core so that only the interface would be
subjected to shear. In order for the cores to be held properly in the test apparatus, cores had to
have a minimum overlay thickness of least 25 mm. (1 in.), and a base thickness of at least 150
mm. (6 in.) as shown in Figure 3.3.

Testing was conducted using the direct shear device described in Chapter 2. A 100- kN
Tinius Olsen servo controlled universal testing machine was used to apply the loads. The
compressive force was applied at 675 N (3 kips) per minute with the goal of keeping the test
time around 2 minutes. Before testing the overlaid cores, a monolithic concrete core was tested
to establish the expected shear capacity. The shear strength was found to be 6.6 MPa (960
psi). Using this value and data from previous research (Keeran,1995), the bond strength was
anticipated to be approximately 4.4 MPa (640 psi). Therefore, if failure did not occur before 4.4
MPa (640 psi), the specimen was unloaded, repositioned, and tested to failure. This procedure
was necessary to ensure that the shear load was being applied along the interface of the test
core. The failure load was recorded along with significant observations such as whether the
failure had occurred at the interface, in the base, or in the overlay. The results will be presented
and discussed later in Section 3.1.3.

3.1.2 Direct Tension Test

The second field test used for evaluation of bond strength of bridge decks was the direct
tension test. As described in Chapter 2, this test requires a small load frame, hydraulic jack and
pump for loading, and an instrument to measure the applied load.

The loading frame (Figure 3.4) used consisted of two channels, laced together back to
back with a 40 mm. (1% in.) gap. The channels rested on 4 legs which could be adjusted to
level the test frame. Load was applied by an Enerpac 10,000 psi hollow plunger, hydraulic

cylinder with a 13.5 kN (60 kips) capacity. Pressure and hydraulic fluid were supplied by a
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hand pump. A pressure transducer was connected to the hand pump to monitor the applied
load. The pressure transducer in conjunction with the complete hydraulic system was calibrated
prior to testing. As part of calibration, a self equilibrating frame was loaded by the hydraulic
system. A load cell had been positioned in the system to record the applied load. The voltage
change from the pressure transducer and the corresponding load from the load cell were
monitored. The measured data were used to obtain a calibration factor relating pressure
transducer voltage to load. A factor of 3.20 kN/Volt (14.26 kips/Volt) was used for testing. In
order to read the voltage in the field, a Hewlett Packard hand held voltmeter accurate to
+0.005% ( +1.1 N) was selected. The voltmeter also had a function capable of recording
maximum and minimum voltage output from the pressure transducer.

The direct tension test required a 100mm. core be drilled to a depth of 40 mm. below the
overlay into the existing slab concrete (Figure 3.5). The cores taken for direct shear tests
provided an effective means to determine the exact depth of overlay for each bridge. Hence,
proper drill depth for direct tension tests was established. Note that the locations for direct
tension tests and cores taken for direct shear tests were within immediate vicinity of each other.
This coring sequence ensured a proper comparison of the two methods. Special attention was
made to ensure level bonding surface before attaching a load plate. The load plate was 10 mm.
thick and 100 mm. in diameter. The plat‘e was bonded to the top of the core with Master
Builders SPL epoxy. Because it was not necessary to test inmediately, the epoxy was allowed
to cure overnight to ensure proper strength. To perform the test, the bonded plate was
connected to the hydraulic system using a universal joint and a 20 mm. (3/4 in.) high strength
threaded rod. Load was applied until the core was broken from the bridge deck. The maximum
load and failure mode were observed and documented.

Due to earlier problems with the loading system and epoxy, the bridges in District 8
could not be tested successfully. Six bridges in district 12 were successfully tested using the

direct tension test system (Table 3.1). The results are presented in Section 3.1.3.
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3.1.3 Field Test Results

The test results are presented in graphical and abridged tabular form in Figures 3.6 and
3.7 and Tables 3.2 to 3.7, respectively.

Failure of each test occurred at the interface, in the overlay, or in the base slab concrete.
Generally, failure occurred at the interface for LMC or SDC overlays by a clean break at the
bond line for direct shear and direct tension. Apparently, the base concrete and overlay
concrete were stronger than the bonded interface. In the case of MSC, the failure in the direct
shear test was at the interface. However, the location of failure in the direct tension test
occurred in the overlay concrete on two occasions. This observation indicates that experimental
results and corresponding conclusions can be significantly impacted by testing method.

Values for bond strength from the direct shear test are listed in Tables 3.2 to 3.5, and
Figure 3.6. The trends for bond strength of LMC, SDC, and MSC overlays were different for the
bridges tested in District 8 and 12. This difference is attributed to conditions such as age of the
overlay, and care of surface preparation and concrete placement. Based on direct shear tests
conducted on cores taken from the bridges in District 8, the highest average bond strength was
for LMC overlay followed by SDC and MSC. However, the highest average bond strength for
districtl 12 bridges was for MSC overlay (5.1 MPa or 738 psi) followed by SDC and LMC (4.5
MPa or 625 psi). The average bond strength was practically identical for the bridges with LMC
in District 8 and 12.

Values for bond strength from the direct tension test are shown in Table 3.6 and in
Figure 3.7. Based on the direct tension test, micro-silica modified (MSC) overlays provided the
highest bond strength followed by super dense plasticized concrete (SDC) and latex modified
concrete (LMC). This trend in terms of relative bond strength between overlays is similar to that
obtained for direct shear tests conducted for cores taken from District 12 bridges. Values of
bond strength were much lower for the direct tension test than for the direct shear test.

Stresses recorded for the direct tension test were 35% less, on average, than the values found
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by direct shear. Since the state of stresses and transfer of load to the base concrete are
dissimilar between the tests, different values for bond strength are expected.

Bond strength measured by direct shear and direct tension test has a high level of
variance as seen from Tables 3.3, 3.5, and 3.7. The variance does not apparently depend on
the type of overlay. One needs to recognize this scatter when evaluating bond strength.

Trends of the bond strength obtained by each method are identical; therefore, either
method can be used to obtain the relative magnitudes for bond strength. Although each test
method may show similar trends in bond strength, the values of bond strength and types of
failure at the interface are different and cannot be directly compared to one another. Because
of the high scatter in the results for both test methods, there is a lack of confidence with the
absolute bond strength values.

3.2 Laboratory Testing Program

The available bond strength was evaluated by direct shear test, Strategic Highway
Research Program (SHRP) interfacial bond test, and flexural beam test. Different test variables
were examined through two different series of tests. To simulate field conditions (i.e. shrinkage
of concrete in the deck has effectively stopped when the overlay is appled), the “base concrete”
for the test specimens was not overlaid immediately after fabrication. The overlays were cast
after the shrinkage had stabilized and was insignificant. Tables 3.8 to 3.10 show the test
variables along with the type of test used in each series. Prior to describing the test results, a
brief discussion of the materials used in the fabrication of specimens is provided.

3.2.1 Materials

The materials used for the iaboratory tests in series 1 and 2 all conformed with the State
of Ohio Department of Transportation Construction and Material Specifications, i.e. ODOT
specification 499: for the deck concrete (ODOT Class “S” concrete); ODOT supplemental
specification 845: Bridge Deck Repair and Overlay with Latex Modified Concrete; ODOT

supplemental specification 850: Bridge Deck Repair and Overlay with Superplasticized Dense
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Concrete; ODOT proposal note no. 315-88: Bridge Deck Repair and Overlay with Micro-Silica
Modified Concrete; ODOT proposal note no. 824-88: Item Special - Treating Concrete Bridge
Decks with HMWM Resin; ODOT proposal note no. 825-93: Treating Concrete Bridge Decks
with Gravity-Fed Resin. All of the materials used during the research project are listed in Table
3.11. The concrete mix designs used for the tests in series 1 and 2 are illustrated in Tables
3.12a through 3.12d.

The concrete used in the construction of the laboratory specimens was tested in
accordance with all relevant ASTM specifications. The ASTM tests performed for material
properties were C490: Standard Practice for Use of Apparatus for the Determination of Length
Change of Hardened Cement Paste, Mortar, and Concrete; and C39: Standard Test Method for
Compressive Strength of Cylindrical Concrete Specimens. Separate compressive strength
properties were recorded for series one and series two tests. Tables 3.13 and 3.14 show
compressive strength results for concrete used in each series. Figure 3.8 shows the shrinkage
of each type of concrete used over time.

3.2.2 Series 1 Tests

This series focused on studying the influence of the type of polymer sealers on bond
strength. Epoxy resin, and high molecular weight methacrylate (HMWM) were considered. The
bond strength was measured by direct shear test and SHRP interfacial bond test. Thirty six
specimens were cast for each test method. As seen from Tables 3.8 and 3.9, four specimens of
each type of overlay were cast with no sealer at the interface, four with epoxy resin at the
interface, and four with HMWM.

Each specimen was sealed and overlaid at 56 days. This age ensured that the
shrinkage in the concrete had reached insignificant levels. The interface in direct shear
specimens was sandblasted for one minute. Due to the larger surface area of SHRP
specimens, the interface was sandblasted for three minutes. After sandblasting, sealer was

applied to the interface and allowed to cure for one day. Sikadur 55 SLV epoxy resin and Sika
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Pronto 19 HMWM were used in this study. An overlay was placed over the interface and wet
cured for three days in accordance with the Ohio Department of Transportation specifications.
The specimens were tested 56 days after being overlaid to ensure most of the shrinkage in the
overlay concrete had already occurred. The tests were conducted according to the procedures
described in Chapter 2. A 100-kN Tinius Olsen servo controlled universal testing machine was
used to load the specimens. The load was applied at 675 N (3 kips) per minute for direct
shear tests, and 1.35 kN (6 kips) per minute for SHRP interfacial bond tests. The failure load
was recorded along with significant observations such as location of failure. The load-interface
slip was also recorded for the SHRP specimens using two +13mm. (0.5 in.) direct current
displacement transducers.

The test results are presented in graphical and abridged tabular form in Figures 3.9 and
3.10 and Tables 3.15 to 3.16, respectively. Generally, failure occured at the interface for both
test procedures. In each test method, bond strength decreased when the interface was sealed.
Direct shear tests indicated that specimens treated with epoxy resin experienced a 35%
reduction in bond strength, while the presence of HMWM resulted in a 52% bond strength
reduction. SHRP interfacial bond specimens showed a reduction of 60% or 43% in bond
strength for specimens sealed with epoxy resin or HMWM, respectively.

Despite this large reduction in bond strength, treated surfaces may be acceptable if the
actual bond strength demand is less than the available strength. Finite element analysis of
three representative bridges (see Appendix B) indicate a maximum in-plane shear stress of 0.65
MPa (95 psi) under service loads. This value is significantly smaller than the available bond
strength of surfaces which are treated by epoxy resin or HMWM (see Table 3.15 and 3.16).
Although the remaining bond strength is adequate to resist the applied in-plane shear stress
due to service loads, additional stresses due to shrinkage and temperature may overcome

- available bond strength.

Direct shear specimens which were not sealed exhibited the same trends in bond
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strength as those established based on cores taken from District 8. Latex modified concrete
possessed the highest bond strength followed by super dense plasticized concrete, and micro-
silica modified concrete. Due to the small difference between the highest and lowest bond
strength (about 230 kpa or 33 psi), a clear trend could not be established based on SHRP
Specimens.

Bond strength from SHRP specimens was on the average 55% lower than those from
direct shear tests. This observation is attributed to the differences in the state of stresses at the
interface for the two test procedures. Hence, one needs to consider such variability when
evaluating the quality of bond.

3.2.3 Series 2 Tests

The second test series focused on examining the influence of different types of surface
preparation in an effort to enhance bond strength of sealed surfaces. High molecular weight
methacrylate (HMWM) has a lower viscosity than epoxy resin; hence, it penetrates deeper and
appears to be more effective in sealing cracks. Considering such advantages, ODOT engineers
will likely choose HMWM over epoxy. Therefore, the focus of this series of tests was placed on
HMWM. HMWM sealer from two manufactures (Sika and Transpo Industries) were tested. To
incorporate a relatively large number of specimens, only direct shear specimens were fabricated
and tested. The test matrix is summarized in Table 3.10.

Similar to series one, the specimens were sealed and overlaid at 56 days. Each
specimen was sandblasted for one minute. Twelve specimens were left unsealed as a
benchmark. The remaining 76 specimens were sealed with Transpo Sealate T-70 and
SikaPronto 19 HMWM. To remedy the bond strength reduction observed in series one, two
secondary surface preparation techniques were explored. The first method involved sprinkling
sand (sand broadcast) over the surface immediately after applying sealer. The second
procedure was to sandblast the surface before overlaying. Both of these procedures were

expected to remove residue left from HMWM which was believed to be the main reason for the
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observed lower bond strength in series one. The additional surface treatment would also
roughen the surface to enhance concrete overlay bond. The effectiveness of the secondary
surface preparation techniques was studied through 48 specimens.

All specimens received an overlay of latex modified concrete(LMC), super dense
plasticized concrete (SDC), or micro-silica modified concrete (MSC). Tests were conducted 56
days after being overlaid in accordance to direct shear test procedures outlined in Chapter 2.

Test results are presented in graphical and abridged tabular form in Figures 3.11 and
3.12 and Table 3.17. Failure occured at the interface for all of the specimens. For unsealed
specimens, LMC had the highest bond strength with 5.9 Mpa (856 psi) followed by MSC (5.1
Mpa, 735 psi) and SDC (4.3 Mpa, 618 psi). The measured values of bond strength were
smaller in this series than those found in series one. Variation in the compressive strength of
the base concrete (Tables 3.13 and 3.14) are believed to have caused the differences. The use
of Sika HMWM sealer in seies two resulted in a 49% reduction. The corresponding value for
series one was 52%. The percent reduction of overlaid specimens is not apparently affected by
the compressive strength of the base concrete. Bond strength was improved when the sealed
surface was sand broadcast or sandblasted before applying the overlay. In case of Sika
HMWM, bond strength dropped to 85% or 80% of otherwise unsealed surface by sand
broadcast or sandblasting, respectively.

Tests conducted using Transpo T-70 Sealer showed much lower bond strengths than
those using Sika HMWM. Without secondary surface treatment, specimens sealed with transpo
T-70 had effectively no bond strength. Bond strength was only 3% of the available bond in the
unsealed specimens. When the sealed surface was sand braodcast or sandblasted, the bond
strength increased to 31% and 43% of the specimens without HMWM.

These results indicate that simple procedures such as sandblasting or sand
broadcasting are effective means to improve bond strength of sealed surfaces. Even though

bond strength can be improved by additional surface preparation procedures, the study has

36



shown that all types of HMWM may not be appropriate for sealing decks before placing concrete
overlay.
3.3 Summary

The testing for bond strength in this chapter involved using tests conducted in the field
and laboratory. Field tests were performed to compare bond strength from different test
procedures. Laboratory tests were performed to compare test methods and investigate the
effects of using sealers (at the interface) on bond strength.

The direct shear and direct tension tests both show identical trends for bond strength.
Either test method may be used to obtain relative magnitudes for bond strength on bridge decks
with concrete overlays.

Trends in bond strength from various test methods appear to be the same, but the
values of bond strength are different and cannot be directly compared. This difference is
expected because of the different state of stresses and load transfer between the overlay
concrete and base concrete. Chapter Four will provide further discussion regarding the
influence of testing procedure on measured bond strength.

The use of a high molecular weight methacrylate (HMWM) or epoxy resin sealer at the
interface surface of the test specimens will affect bond strength. The direct shear and SHRP
interfacial bond test procedures indicate that the use of epoxy resin or HMWM sealers will lower
bond strength in comparison to identical unsealed specimens. The level of the strength
reduction was found to be influenced by the type (manufacturer) of HMWM sealer.

Extra surface preparation techniques applied to the SikaPronto 19 HMWM sealed

specimens increased the bond strength close to the values of the unsealed specimens. These

surface preparation techniques included sandblasting the interface surface after applying

HMWM sealer, or broadcasting sand over the interface surface while the sealer was curing.
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Table 3.1 Field Test Log

Bridge No. Overlay | No. of Direct | No. of Direct
(L) Indicates District Type | Shear Tests| Tension Tests
(8) BUT 27-1402 LMC 3 --
(8) BUT 129-0908 LMC 2 --
(12) CUY 190-1372 LMC 5 2
(12) CUY 190-1391 LMC 4 2
(8) BUT 4-0040 SDC 3 -
(8) BUT 4-0191 SDC 3 -
(12) CUY 1480-1842R | SDC 3 2
(12) CUY 1271-0232L | SDC 5 2
(8) WAR 73-1838 MSC 4
(8) WAR 741-0209 MSC 2
(12) CUY 1480-2075R | MSC- 5 2
(12) CUY 1480-2139R | MSC 5 2

Table 3.2 District 8 Direct Shear Test Results

Core # | Overlay Type | Stress MPa | * Comments
1 SDC 4.7 2,4
2 SDC 4 2
3 SDC 3.3 2,4
4 SDC 3.3 2
5 SDC 5.6 2,4
6 SDC 3.6 2
1 MSC 3.9 2,45
2 MSC 3 2,6
3 MSC 2.9 2,5
4 MSC 3 2,6
5 MSC 3 2,5
6 MSC 6 2,4
1 LMC 5 2,4,5
2 LMC 4.4 2,4,5
3 LMC 4.6 24,5
4 LMC 4.1 2,5

1.Failure in Overlay
2.Failure at interface
3.Failure in Base Slab
4.Loaded to 35 kN, repositioned and failed
5.Cracked aggregates present at interface
6.Voids present at interface
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Table 3.3 Direct Shear Strength (District 8)

Overlay Type | Average Bond Standard
Strength (MPa) | Deviation (MPa)
SDC 4.1 +0.9
MSC 3.6 +1.2
LMC 4.5 +0.4

Table 3.4 District 12 Direct Shear Test Results

Core # | Overlay Type | Stress (MPa) | * Comments
1 SDC 3.6 2
2 SDC 3.9 2
3 SDC 4 2
4 SDC 5.5 2,4
5 SDC : 3.9 2
6 SDC 5.5 2
7 SDC 5.9 2,4
8 SDC 5.9 2,4
1 MSC 7.6 2,4
2 MSC 5.9 2,4
3 MSC 6.5 2,4
4 MSC 4.5 2
5 MSC 5.3 2,4
6 MSC 4.9 2
7 MSC 5.1 2
8 MSC 2.9 2
9 MSC 5.8 2,4
10 MSC 3.8 2
1 LMC 3.2 2
2 LMC 3.8 2
3 LMC 3.9 2
4 LMC 4.7 2
5 LMC 3.7 2
6 LMC 5.8 2,4
7 LMC 6.3 2,4
8 LMC 2.4 2,6
9 LMC 2.2 2,6

1.Failure in Overlay
2.Failure at interface
3.Failure in Base Slab
4.Loaded to 35 kN, repositioned and failed
5.Cracked aggregates present at interface
6.Voids present at interface
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Table 3.5 Direct Shear Strength (District 12)

Overlay Type | Average Bond Standard
Strength (MPa) | Deviation (MPa)
SDC 4.6 +1.3
MSC 5.46 +1.3
LMC 4.5 +1.1

Table 3.6 District 12 Direct Tension Test Results

Core # | Overlay Type | Stress (MPa) | * Comments
1 SDC 1.32 2
2 SDC 1.12 2
3 SDC - 229 2
4 SDC 1.56 2
1 MSC 2.16 2
2 MSC 2.52 1
3 MSC 2.55 1
4 MSC 1.95 2
1 LMC 2.33 2
2 LMC 0.69 2
3 LMC 1.04 2

1.Failure in Overlay
2.Failure at interface

Table 3.7 Direct Tension Strength (District 12)

Overlay Type| Average Bond Standard
Strength (MPa) | Deviation (MPa)
SDC 1.57 +0.51
MSC 2.29 +0.29
LMC 1.36 +0.87
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Table 3.8 Series 1 Direct Shear Test Matrix

Overlay Type of Number of
Type Sealer Specimens
MSC No Sealer 4
SDC No Sealer 4
LMC No Sealer 4
MSC HMWM 4
SDC HMWM 4
LMC HMWM 4
MSC Epoxy Resin 4
SDC Epoxy Resin 4
LMC Epoxy Resin 4

Table 3.9 Series 1 SHRP Test Matrix

Overlay Type of Number of
Type Sealer Specimens
MSC No Sealer 4
SDC No Sealer 4
LMC No Sealer 4
MSC HMWM 4
SDC HMWM 4
LMC HMWM 4
MSC Epoxy Resin 4
SDC Epoxy Resin 4
LMC Epoxy Resin 4
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Table 3.10 Series 2 Test Matrix

Overlay Type of Type of Surface Number of
Type Sealer Preparation Specimens
MSC No Sealer N/A 4
SDC No Sealer N/A 4
LMC No Sealer N/A 4
MSC Sika (HMWM)" None 4
SDC Sika (HMWM) None 4
LMC Sika (HMWM) None 4
MSC | Transpo (HMWM)™ None 4
SDC Transpo (HMWM) None 4
LMC Transpo (HMWM) None 4
MSC Sika (HMWM) Sandblasting 4
SDC Sika (HMWM) Sandblasting 4
LMC Sika (HMWM) Sandblasting 4
MSC Transpo (HMWM) Sandblasting 4
SDC Transpo (HMWM) Sandblasting 4
LMC Transpo (HMWM) Sandblasting 4
MSC Sika (HMWM) | Sand Broadcast ° 4
SDC Sika (HMWM) Sand Broadcast 4
LMC Sika (HMWM) Sand Broadcast 4
MSC Transpo (HMWM) Sand Broadcast 4
SDC Transpo (HMWM) Sand Broadcast 4
LMC Transpo (HMWM) Sand Broadcast 4

1. Sika Pronto 19 High Molecular Weight Methacrylate

2. Transpo Sealate T-70 High Molecular Weight Methacrylate

3. No secondary surface preparation performed

4. Interface surface was sandblasted after application of HWWM

o

sealer

of HMWM Sealer
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Table 3.11 Materials Used for Fabrication of Specimens

Material Supplier
Cement Type | Portland Cement
Fine Aggregate Sand aggregate per ODOT Specification 703.02

from Hilltop Basic Resources, Inc.

Coarse Aggregate #1

#57 aggregate from Hilltop Basic Resources, Inc.

Coarse Aggregate #2 #8 aggregate from Hilltop Basic Resources, Inc.

Air Entrainment Sika AEA-15 by the Sika Corp.

Superplasticizer Sikament 10ESL by the Sika Corp.

Latex Emulsion Sikalatex by the Sika Corp.

Micro-Silica Sikacrete 950 Micro-Silica Fume by the Sika Corp.
Epoxy Resin Sikadur 55 SLV Healer/Sealer by the Sika Corp.
High Molecular Weight  |SikaPronto 19 HMWM by the Sika Corp.'1
Methacrylate Transpo Sealate T-70 by Transportation Industries. 2

1. SikaPronto 19 HMWM was used in both series 1 and 2 tests
2. Transp Sealate T-70 was used in series 2 tests only

Table 3.12a ODOT Class "S" Concrete Mix Proportions

Material Quantity
Cement 420 kg/m® (715 Ibs./Yd?)
Coarse Aggregate #1 1030 kg/m® (1735 Ibs./Yd?)
Fine Aggregate 670 kg/m° (1125 Ibs./Yd®)
Maximum Water/Cement Ratio 0.44
Air Entrainment 8 + 2%

Table 3.12b Superplasticized Dense Concrete (SDC)

Material Quantity
Cement 490 kg/m® (825 Ibs./Yd®)
Coarse Aggregate #2 770 kg/m® (1300 Ibs./Yd?)
Fine Aggregate 770 kg/m® (1300 Ibs./Yd?)
Maximum Water/Cement Ratio 0.36
Air Entrainment 8 +2%
Superplasticizer 6 + 2" Slump
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Table 3.12¢ Micro-Silica Modified Concrete (MSC)

Material Quantity
Cement 415 kg/m® (700 Ibs./Yd®)
Micro-silica Fume 42 kg/m® (70 Ibs./Yd?)
Coarse Aggregate #2 750 kg/m® (1265 Ibs./Yd?)
Fine Aggregate 850 kg/m® (1430 Ibs./Yd)
Maximum Water/(Cement-Pozzolan) 0.36
Ratio
Air Entrainment 8 +2%
Superplasticizer 6 + 2" Slump

Table 3.12d Latex

Modified Concrete (LMC)

Material Quantity
Cement 390 kg/m° (658 Ibs./Yd?)
Coarse Aggregate #2 | 770 kg/m® (1300 Ibs./Yd%)
Fine Aggregate 975 kg/m® (1645 Ibs./Yd?)

Maximum Water

86.5 L/m® (17.5 Gal/Yd®)

Latex Emulsion

121.5 L/m® (24.5 Gal/Yd®)

Table 3.13 Series 1 Average Compressive Strengths

Type of Concrete 28 Days At Time
of Testing
ODOT Class "S" 53.5 MPa 64.4 MPa
(7760 psi) (9350 psi)
SDC 53.4 MPa 59.3 MPa
(7740 psi) (8610 psi)
MSC 51.5 MPa 58.6 MPa
(7480 psi) (8500 psi)
LMC 28.8 MPa 30.6 MPa
(4180 psi) (4440 psi)
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Table 3.14 Series 2 Average Compressive Strengths

Type of Concrete 28 Days At Time
of Testing
ODOT Class "S" 31.4 MPa 33.9 MPa
(4560 psi) (4930 psi)
SDC 53.0 MPa N/A
(7700 psi)
MSC 44.2 MPa N/A
(6420 psi)
LMC 30.1 MPa N/A
(4368 psi)
Table 3.15 Direct Shear Strength (Series 1 Tests)
Overlay Type Average Bond Standard
Strength (MPa) | Deviation (MPa)
SDC/No Seal 7.3 +0.16
MSC/No Seal 5.3 +1.13
LMC/No Seal 7.6 +0.18
SDC/Epoxy Resin 5.4 +0.61
MSC/Epoxy Resin 3.4 +1.29
LMC/Epoxy Resin 4.3 - +0.28
SDC/HMWM 4 +0.54
MSC/HMWM 2.5 +0.39
LMC/HMWM 3.2 +0.08

Table 3.16 SHRP Interfacial Bond Stren

gth (Series 1 Tests)

Overlay Type Average Bond Standard
Strength (MPa) Deviation (MPa)

SDC/No Seal 3.79 1.9+
MSC/No Seal 3.46 1.4 +
LMC/No Seal 3.68 1.0 =

SDC/Epoxy Resin 1.81 0.2 +

MSC/Epoxy Resin 1.44 0.3+

LMC/Epoxy Resin 2.07 0.8 +
SDC/HMWM 1.57 0.9+
MSC/HMWM 1.67 0.9 +
LMC/HMWM 2.88 0.2+
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Table 3.17 Direct Shear Strength (Series 2)

SikaPronto 19 HMWM

Overlay Type Average Bond Standard
Strength (MPa)| Deviation (MPa)

SDC/No Seal 4.3 +0.97

MSC/No Seal 5.1 +0.26

LMC/No Seal 5.9 +0.52

SDC/HMWM 2 +0.28

MSC/HMWM 3.3 +0.18

LMC/HMWM 2.5 +0.28

SDC/HMWM 3.8 +1.2
with Sand Broadcast

MSC/HMWM 4.4 +1.1
with Sand Broadcast

LMC/HMWM 4.4 +1.3
with Sand Broadcast '

SDC/HMWM 3.6 +1.0

Sandblasted

MSC/HMWM 4.2 +1.1

Sandblasted

LMC/HMWM 4.4 +0.70

Sandblasted

“Table 3.18 Direct Shear Strength (Series 2)
Transpo Sealate T-70 HMWM

Overlay Type Avg. Bond Standard
Strength (MPa)| Deviation (MPa)

SDC/No Seal 4.3 +0.97

MSC/No Seal 5.1 +0.26

LMC/No Seal 5.9 +0.52

SDC/HMWM No Bond N/A

MSC/HMWM No Bond N/A

LMC/HMWM No Bond N/A

SDC/HMWM 2.7 +0.5
with Sand Broadcast

MSC/HMWM 1.5 +0.9
with Sand Broadcast

LMC/HMWM 3 +0.3
with Sand Broadcast

SDC/HMWM 1.1 +0.5

Sandblasted

MSC/HMWM 1.5 +0.2

Sandblasted

LMC/HMWM 1.3 +0.70

Sandblasted
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Figure 3.3 Direct Shear Test Specimens

49

- T i
’ LE IR ™ . “* L * E_
* * &
w & o
¢ ..Overlay- . . =
o n'* ‘e ¢ ‘*‘ . “‘ N
* * . ¢ & /\v
& , A
P - e .
& « s °
¢ ‘ S f
¢ e
&
&
4 e 4 4
4 ¢« 4 i
¢ =
‘ Base £
o
4 Vo)
¢ 4 e . ‘ —
& A
¢« * ¢ ¢ a4
¢ *
y.] “ 4‘ @ .
4
* g v
100 mm.
¢ >



X
O
(]
Y
QO
=
3 £
5 £
y e
= E o
: Aol
O ©
2 2 g%
5 ot o .©
© —.2 0
5 C
55 E
< s
10
. LEo %

Figure 3.4